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ABSTRACT 

We study the sensitivity of LEP II and NLC, via two photon col- 
lisions, to the effects of anomalous rT7 couplings. We also discuss 
some CP-odd observables that can be useful to disentangle the con- 
tributions from the anomalous couplings. 



^This work was partially supported by the European Union under contract CHRX-CT92-0004 
and by CICYT under contract AEN93-0615. 



The present bounds on the anomalous magnetic and electric dipole moments 
of the e and [|T], Q are much stronger than the ones for the r p, ^, This is 
particularly unfortunate since larger deviations from the Standard Model values are 
expected for the r than for the other leptons. An example is provided by Weinberg- 
type models 0, where the electric dipole moment is generated via neutral spin 
bosons coupled to the leptons. The obtained electric dipole moment is proportional 
to the third power of the lepton mass. In composite models, one would also expect 
larger effects for the tau than for the rest of the leptons. 

The advantages of studying these anomalous couplings in two photon colli- 
sions are twofold. First, from the theoretical point of view it is a very clean process, 
since there is no contribution from the Z boson and the photons are almost real, 
avoiding any possible, unknown form-factor effects. Second, the measurements are 
complementary to the ones obtained in other processes, e.g. e+e^ annihilations. 
The problem, however, is that very high energy beams, compared with the r 
mass, are required in order to have an e^e' —>■ e^e^r^r^ cross-section large enough 
to allow for a detailed study. But this is just the case for LEP II and more energetic 
e'^e~ colliders!. A similar analysis for heavy ion colliders has been done in 

The most general form of the electromagnetic ttj vertex compatible with 
Lorentz invariance and hermiticity |^ is given by 

where e^{q) is the polarization vector of the photon with momentum g, Fi(g^) is 
related to the electric charge, = eFi(O), and ^2,3 are the form factors related to 
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the magnetic and electric dipole moments, respectively, through 

_ e{l + F,{0)) _ eFm 

In the Standard Model at tree level, Fi{q'^) = 1 and F2{q^) = F^iq'^) = 0. It should 
be noted that the F2 term behaves under C and P like the Standard Model one, 
while the F3 term violates CP. 

The most stringent bounds on F2 and F3 come from the study of the angular 
distribution in e~^e^ t^t^ at PETRA: 

IF2I < 0.014 [3] 

(3) 

IF3I < 0.025 i 

These bounds, however, neglect the effects of the form factors from = to 
~ 1.5 X 10'^ GeV^, where the measurents were taken. A way to avoid this problem 
at LEP was proposed in Ref. Instead of looking at deviations from the Standard 
Model in tau pair production, one should study e+e^ r^r^j. Using this method 
the bound obtained is 

|i^2(0)| , |F3(0)| <0.23. (4) 

The inclusion of the new terms in Eq. |I| leads to unitarity violations leading 
to an enhancement in the cross-section for large r-pair invariant masses. However, 
due to the effective 77 luminosity, the cross-sections in the Standard Model and 
for reasonably small values of F2 and F3 are dominated by the production of r- 
pairs with low invariant masses (this is shown for the Standard Model at LEP II in 
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Figured: Standard^iCdodel crossL^ftion as alf§ifttion of tflP'feWo photon invariant 
mass for LEP II. W^^ (GeV^) 

Fig. 1). We can, thus, neglect the effects introduced by the unknown unitarization 
procedure. 

The Standard Model total cross-sections are 0.47 pb at LEP II and 0.792 pb at 
NLC. Assuming the integrated luminosities to be 500 pb~^ and 10 fb~^ one expects 
a total amount of 235 and 7920 r-pairs, respectively. In Figs. 2 and 3 we show 
the dependence of the total cross-section with F2 for LEP II and NLC, respectively. 
Since the relevant values of F2 are small, the dependence of the cross-section on F2 
can be considered as linear with a very good approximation: 

a = (0.47 + I.55F2) pb LEP II 

(5) 

a = (0.792 + 2.I67F2) pb NLC. 
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This approximation is extremely good for NLC and better than a 4% for LEP II in 
the range of F2 values covered in the figures. The Standard Model cross-section is 
obtained for F2 = and the expected statistical errors for the assumed luminosities 
are shown with the dash lines. In this way we see that the bounds F2 < 0.021 and 
0.004 can be obtained at LEP II and NLC, respectively. These bounds, however, 
have been obtained assuming that all the produced r-pairs will be identified. This 
is certainly too an optimistic assumption. We can exploit the simple behavior of the 
cross-section with respect to F2, Eqs. |^, to express the achievable bounds in terms 
of the luminosity and detection efficiency: 

(6) 

< NLC, 

V Le 

where e is the fraction of identified r-pairs and L is the integrated luminosity ex- 
pressed in inverse picobarns. Assuming the nominal luminosity and a more realistic 
situation, where 25% of the r-pairs are identified, one gets F2 < 0.04 and < 0.008 
from LEP II and NLC, respectively. Comparing with Eq. |^ it is clear that the 
bounds that can be obtained at NLC are much more stringent than the present 
ones. At LEP II, however, one can certainly improve the bounds obtained at LEP, 
but not the ones from PETRA, although one should remember here that they are 
obtained at different values of q'^. 

The dependence of the cross-section with F3 is shown in Figs. 4 and 5. 
Due to the CP-violating nature of this term, the interference with the Standard 
Model cancels and the dominant correction becomes 0{F^). The sensitivity to the 
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Figure 3: The same as in Fig. 2 for NLC. 
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Figure 4: Total cross-section for e+e e+e r+r as a function F3 at LEP II. The 

dash line corresponds to one standard deviation from the Standard Model value. 

new parameter will, thus, be weaker than in the case of F2. Assuming that all the 
produced r-pairs are identified, we obtain, from Figs. 4 and 5, F3 < 0.08 and 0.03 
for LEP II and NLC We can again obtain simple expressions for the bounds in 
terms of the luminosity and the detection efficiency: 



0.151 pb"^/2 



LEP II 



(7) 



Fi < ^^^^ NLC, 



The bounds in Eqs. |, ^ are obtained from the study of deviations in the total 
cross-section from the Standard Model prediction. One could think that, similar to 
what it has been done at PETRA, a study of the angular distribution would allow 
an improvement on the above bounds. However, since the cross-section is dominated 

7 



0.95 



0.90 




0.85 



b 



0.80 



0.75 







0.02 



0.04 



0.06 0.08 0.1 
same as in Fig. 4 for NLC. 



Figure 




by low r-pair invariant masses this is not the case for F2. In the case of F3 there 
is a small excess of r's produced at large angles. This effect is not large enough to 
allow a sensible improvement on the previous bounds. 

We have been discussing effects of the order of a few per cent in the total 
cross-section. This is of the same order as the error introduced in the calculation 
when using the Weiszacker- Williams approximation. So, when comparing with real 
data the theoretical predictions for the whole e'^e~ — > e'^e~T^T~ process should be 
used. An alternative would be to normalize to the /x-pair production, where the 
same error in the Weiszacker- Williams approximation is made. 

The bounds we have obtained for F3 are weaker than the corresponding ones 
for F2. We can try to improve these bounds exploiting the CP- violating nature of 
this term. We have to look for CP-odd observables that cancel in the Standard 
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Model and the F2 term and, thus, isolate the terms proportional to odd powers of 
F3. We do not attempt a detailed study of these CP-odd observables, rather we 
are going to discuss only one of them as a showcase. The asymmetry between the 
cross-sections for polarized r and r production: 

a{si,S2) + a{s2,si)' 

where the first spin is the one of the r and the second the one of the f , has the 

required behavior under CP. We have, as an example, taken si and S2 in the two 

perpendicular directions to the r flight direction in the respective r or r rest frame. 

From this asymmetry one can find the bounds F3 < 0.05 and 0.008 for LEP II 

and NLC, respectively, assuming a total efficiency in the detection of the polarized 

r-pairs. In terms of the luminosity and the efficiency, we have: 

^ 1.08 pb-^/2 

F3 < ^ LEP II 



(9) 

^ 0.83 pb-^/' 

F3 < ^ NLC. 

It is interesting to note that the value of the asymmetry is almost the same for LEP 
II and NLC. The larger sensitivity at NLC is basically due to the better luminosity 
that allows a better determination of the asymmetry. 

We have discussed the possibilty of studying the anomalous electromagnetic 
couplings of the r at LEP II and NLC in 77 collisions. The main effects of the 
F2 term appear in deviations of the total cross-section from the Standard Model 
predictions. The bounds obtained at LEP can certainly be improved at LEP II, but 
not the ones from PETRA. These bounds can only be improved in a sensitive way at 
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NLC With respect to the F3 term, the sensitivity is much weaker in both coUiders 
and one should perform more elaborated studies, such as CP-odd observables, in 
order to improve the present bounds from PETRA. 

One of us (F.C.) thanks W. Lohman for providing the bounds from LEP 
(Ref. [^) and the organizers of the workshop for creating a very pleasant and 
fruitful atmosphere during this workshop. 



10 



REFERENCES 



[1] E.R. Cohen and B.N. Taylor, Rev. Mod. Phys. 59 (1987) 1121 ; 
K. Abdullah et al., Phys. Rev. Lett. 65 (1990) 2347. 

[2] E.R. Cohen and B.N. Taylor in Ref. |]; 
J. Bailey et al. Nucl. Phys. B150 (1979) 1. 

[3] D.J. Silverman and G.L. Shaw, Phys. Rev. D27 (1983) 1196. 

[4] F. del Aguila and M. Sher, Phys. Lett. B252 (1990) 116. 

[5] W. Lusterman; Messung der Photonenspektren im Proze/3 e^e^ —>■ Z'^ ^ t^t^'-j 
auf der Resonanz und Bestimmung einer Obergrenze fiir das anomale mag- 
netische Moment des r Leptons; Diploma Thesis, Friedrich-Schiller-Universitat 
Jena, 1994. 

[6] S. Weinberg, Phys. Rev. Lett 37 (1976) 657 

[7] F. del Aguila, F. Cornet and J.I. Illana, Phys. Lett. B271 (1991) 256. 

[8] C. Itzykson and J.B. Zuber, Quantum Field Theory (McGraw-Hill, New York, 
1980). 

[9] A. Grifols and A. Mendez, Phys. Lett B255 (1991) 61. 



11 



This figure "figl-l.png" is available in "png" format from: 



http://arXiv.org/ps/hep-ph/9406335v2 



This figure "figl-2.png" is available in "png" format from: 



http://arXiv.org/ps/hep-ph/9406335v2 



This figure "figl-3.png" is available in "png" format from: 



http://arXiv.org/ps/hep-ph/9406335v2 



This figure "figl-4.png" is available in "png" format from: 



http://arXiv.org/ps/hep-ph/9406335v2 



This figure "figl-5.png" is available in "png" format from: 



http://arXiv.org/ps/hep-ph/9406335v2 



